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Abstract

Numerical simulations indicate that a mass-balanced system, with realistic tolerances
and boundary conditions, would drastically reduce the motion of the gun tube during the
projectile in-bore cycle. It was further postulated that such a system could significantly
reduce projectile dispersion, as well as diminish the computer correction factors for
different ammunition types. Several simple devices were designed and manufactured to
achieve this desired effect on the actual recoil system. Then, a series of tests was
conducted to duplicate what had been observed in the gun dynamics computations. The
first set of experimental test firings employed an M256 in a hard-stand mount while
following experiments incorporated in the system in an M1Al Abrams tank.
Specifically, a set of steel blocks was attached to the breech, which caused the centroid of
the breech to coincide with the barrel centerline in both the vertical and horizontal
directions. Additional modifications were made to both the fixed and adjustable kick
blocks that guide the breech. The limited results showed that the muzzle-pointing angle
at shot exit was reduced when compared to the baseline standard gun. However, later
shots from an M1A1 were inconclusive. This report details the modifications and
reviews the observations. In addition, some possible explanations as to the outcome are
offered.

il




List of Figures

Figure Page
1. Left-Side Kick BIOCK ....vcueierereieeteeerreeseeereencsotiaisasseessesessesesssssssssssessesesssssssssssans 2
2. Right-Side Kick BIOCK.......cociuiimirimnnrerininnisicisitincsensisins s 2
3. Unbalanced-Breech Comparison Between Experiment and Numerical Predictions . 3
4. Balanced-Breech Comparison Between Experiment and Numerical Predictions ..... 4
5. Balancing Blocks Before Installation..........ceeeeeeiniicnneininiiiieeeees 5
6. Balancing Blocks Installed on Breech ..., 6
7. Eddy-Probe Rosettes at MUZZIE ..........ceereeininininineientnecitiii s 7
8. Eddy-Probe Stations at Brech........ccemeueirieinmnuenesineeeciiisicis s 7
9. Comparison Between Balanced- and Unbalanced-Breech Displacements................ 8




INTENTIONALLY LEFT BLANK.

vi




List of Tables

Hard-Stand Experimental Results ......
Gun Tube Displacement at Shot Exit .

Pointing Angle Summary at Shot Exit

vit




INTENTIONALLY LEFT BLANK.

viil



1. Introduction

For the M256 tank cannon, firing-induced gun tube “whip” is attributed to the powder-
pressure couple. This couple results in a rotational moment about the trunnions and is produced
by an “unbalanced” breech. More specifically, this moment is caused when the centroid of the
M256 breech is not coincident with the gun tube centerline. A previous effort to correct this
effect utilized a two-dimensional (2-D) gun-dynamics simulation code called Little Rascal [1], in
conjunction with an experimental firing program [2]. These simulations indicated that balancing
the breech would greatly reduce the magnitude of gun motion; therefore, an experiment to
confirm this result was undertaken. A breech was balanced by adding steel blocks to the top and
rear of the breech to bring the centroid in line with the geometric center of the gun tube.
However, the experimental firings did not agree with the simulation. Instead, they revealed that
the breech unbalance was only one contributor to the overall gun tube response. The explanation
for these unanticipated results pointed to the asymmetric support conditions of the gun tube
driven by the tube expansion. Evidence was offered to support this hypothesis in the form of a
comparison between the frequency content of both the breech pressure pulse and the gun tube

displacement. Close agreement between these two data indicated support for this possibility.

After examining the data from this prior work and investigating the intricacies of the
recoiling parts, it was conjectured that further simple modifications to the gun system might
produce the desired effect. As previously stated, the premise behind the balanced breech was to
produce a linear recoil stroke that would minimize any out-of-plane motions. From prior data, it
was known that the breech initially dropped as the gun system recoiled. However, when the
system was balanced, the breech droppe.d during the initial 2—4 ms of recoil, but thereafter began
to rise. Once the system is balanced, the recoil motion should not produce lateral forces
significant enough to move the breech in the horizontal or vertical directions during the in-bore
cycle (approximately the first inch of recoil travel). Moreover, the breech has two guides, or

kick blocks, which help it maintain a uniform recoil (Figures 1 and 2).




Figure 1. Left-Side Kick Block.

Figure 2. Right-Side Kick Block.




Therefore, the resultant breech motion was unexpected. Experimental observation revealed that
the breech would initially drop, then rise. Numerical simulations using the Little Rascal code
showed the correct drop of the breech for the unbalanced case, but predicted that the balanced
case would reduce vertical and horizontal movement in the system to a minimum [2]. To help
explain the phenomena, a three-dimensional (3-D) transient finite element model of the M256
gun and recoil system was developed [3]. When that model was initially used to predict the
movement, it also produced results similar to the Little Rascal model. For the unbalanced case,
the breech dropped; for the balanced case, the breech traveled nearly straight back. Figure 3
shows a comparison between the experimental and numerical simulations for the unbalanced

breech case.
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Figure 3. Unbalanced-Breech Comparison Between Experiment and Numerical
Predictions.

After some simplistic static load tests were performed on the M256 system, it was observed
that the gun, piston, and cradle components had asymmetric clearances between them. Once the
clearances were incorporated into the 3-D transient model, the model was then able to accurately

simulate the behavior observed during the original balanced-breech experiments.




Figure 4 shows the same comparison for the balanced system. It was originally many of the
individual components, leading to dispersion, are influenced by prior events. It was originally
hoped that the modified alignment blocks alone would force the system to recoil without vertical
or horizontal movement. However, the incorporation of the balanced breech was also required to
achieve an optimal result. Furthermore, reducing the gun and muzzle movement could improve
the overall accuracy of the gun system because many of the individual components leading to

dispersion are influenced by prior events.
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Figure 4. Balanced-Breech Comparison Between Experiment and Numerical Predictions.

2. Hard-Stand Experimental Firings

Encouraged by the prospect of reducing system motion by balancing the breech and guiding
the recoiling parts, an experimental validation test was undertaken. Upon concluding the initial
balanced-breech firing test, it was discovered that the additional holes, drilled into the breech to
secure the balancing blocks, had produced cracks in the breech. Therefore, a balanced breech

was designed by Benet Laboratories to use existing holes for securing the weights. In addition,




Benet designed and manufactured a set of adjustable kick blocks with increased length. A
simple firing series was conducted to verify the robustness of these new components on a hard
stand. This was done as a precursor to a tank test for safety precautions. It also allowed
researchers the opportunity to examine possible problems where they had easy access to the gun
system prior to conducting the test in the close confines of an M1A1 tank turret. This series of
shots was conducted at the U.S. Army Research Laboratory (ARL) Transonic Range Facility,
Aberdeen Proving Ground, MD. Figures 5 and 6 show the components that were used to
balance the M1A1 breech block. The larger block sits on the top of the breech and the smaller
two blocks sit on the aft sloping ramps on the rear of the breech. The main block attaches to the
breech through a modified breech pin, and the other two blocks attach to the main block at the
top using threaded holes. They are then held in place with a bolt that utilizes existing threaded
holes on either side of the top of the breech. Finally, a small flat plate is attached to the right

side of the breech, rear facing front, to balance the system left to right.

Figure 5. Balancing Blocks Before Installation.




Figure 6. Balancing Blocks Installed on Breech.

Additional instrumentation included noncontact proximity-sensor (eddy probe) stations at
selected positions along the gun tube [4]. The most critical of these were the muzzle and breech
locations. Figure 7 shows the double-eddy-probe rosette used to record the muzzle motion and
determine the muzzle pointing angle. Figure 8 shows a typical eddy-probe arrangement to record
the breech movement in the plane perpendicular to the direction of recoil. The firing test consisted
of four DM13 kinetic energy cartridges. Two were shot with an unbalanced breech (unmodified),
and two were shot with a balanced breech. The second of the two balanced shots incorporated an
additional 0.002 in of shim under the adjustable kick block on the left side. This cleérance might be
critical in controlling breech motion. Table 1 summarizes the results from this series. The

balancing blocks withstood the stress induced by recoil, and neither the blocks nor the breech

developed cracking or damage.

This very limited data shows a marked reduction in the muzzle pointing angle for both of the
balanced breech shots. Furthermore, the second balanced shot with the additional shim produced a
pointing angle almost 1 order of magnitude smaller than the unbalanced case of shot 2. In addition

to the reduced muzzle pointing angles, the breech motion was significantly diminished.




Figure 8. Eddy-Prebe Stations at Breech.




Table 1. Hard-Stand Experimental Results

Pointing
Shot Angle at
No. Description Ammunition Shot Exit
_ I - | (mrads)

1 Unbalanced (no mods) DM13 at ambient temperature 0.64

2 | Unbalanced (no mods) DM13 at ambient temperature 1.10

3 | Balanced DM 13 at ambient temperature 0.40

4 | Balanced with 0.002 in extra shim | DM13 at ambient temperature 0.14

Coincident with the smaller muzzle pointing angles was a reduction in the out-of-plane
motions of the breech. Here again, shot no. 4 resulted in the smallest breech displacements.
Figure 9 shows a direct comparison between one of the balanced shots and one of the unbalanced
cases. Another interesting outcome was that nearly all of the unbalanced (baseline) shots gave
nearly identical results, whereas the balanced shots contained significantly more variability. In

fact, during the remaining experimental firings, the results observed during shot no. 4 were never

recreated.
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Figure 9. Comparison Between Balanced- and Unbalanced-Breech Displacements.




3. M1A1 Experimental Firings

3.1 Phase I After reviewing the results from the first firing series, there was some
speculation that the breech could be forced to recoil straight back using the modified kick blocks
only. Therefore, the first series of tank firings included three shots with no modifications, three
shots with the improved kick blocks, and three shots with the kick blocks and the balancing
blocks.

Again, DM13 ammunition was fired at ambient temperature. Table 2 compares the eddy-
probe gauges used to measure the tube movement. The first rosette was located 13.6 in from the
muzzle, while the second rosette was located 19.6 in from the muzzle. Both of these locations
can be seen in Figure 6. The third rosette was located 64 in from the muzzle and the fourth

rosette was located 124 in from the muzzle.

Table 2. Gun Tube Displacement at Shot Exit

Configuration 1 Configuration 2 Configuration 3
Modified Kick Blocks Kick Blocks and
Rosette No Modifications Only Balancing Blocks

No. Shot Shot Shot Shot Shot Shot Shot Shot Shot
No.1 | No.2 | No.3 | No.1 No. 2 No.3 | No.1 | No.2 | No.3

1 0.008 | 0.008° | 0.006 ]0.008 [0.008 |0.010 |0.006" |0.007 |0.006
2 0.016 |0.010°|0.014 [0.012 [0.010 {0.010 }]0.012 |0.014 |0.010
3 0.012 |0.012 [0.012 |0.014 |0.014 |0.016 |0.010 }0.010 |0.010
4 0.040 |0.040 |0.040 |0.030 |0.030 |0.030 |0.014 |0.014 | 0.014

*Two gauges failed; data unreliable.
®One gauge in rosette failed.

Table 3 summarizes the muzzle pointing angle at shot exit for the three configurations.
These results show no overall difference in muzzle displacement or muzzle pointing angle. Also,

the values were within the normal MI1Al operating parameters. Although the muzzle




Table 3. Pointing Angle Summary at Shot Exit

Configuration 1 Configuration 2 Configuration 3
Modified Kick Blocks Kick Blocks and
No Modifications Only Balancing Wedges
Shot | Shot Shot Shot Shot Shot Shot Shot Shot
No.1 | No.2 | No.3 | No.1 | No.2 No. 3 No. 1 No.2 | No.3
Pointing
Angle 0.810 [ —* |0.753 0.865 | 0.825 0.865 0.854 |0.785 | 0.531
(mrad)
Average 0.78 0.85 0.72

*Loss of data.

displacement seems unaffected by the modifications, these tables indicate there was a consistent
reduction in the gross movement of the gun tube. This is especially evident during the last series

of balanced-breech test shots (configuration 3) at the fourth eddy-probe station.

During these experiments a number of issues developed concerning the experimental setup of
the breech gauges. One issue was how precisely the surfaces used to measure the recoil were
coincident with the line of recoil. The majority of breech displacement data gathered was
unreliable. This could be due to alignment problems, or it could have been due to alignment
problems, or it could have been due to overshimming of the alignment blocks. To overcome
these difficulties, a new measurement technique was adopted for any firings thereafter. The
alignment problem was eliminated by adding an adjustable measurement bar to the right side of
the breech and aligning it to be coincident with the muzzle reference sensor (MRS) upstand,
using a gunner’s quadrant. The gun was then hydraulicalty pumped through the recoil stroke,
and the breech displacement measurements were recorded. This method allowed the observation
and correction of any gross alignment errors before a firing test. Also, careful attention was paid

to the kick blocks between shots. Their displacement was checked several times during this

procedure to assure the proper shimming.
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In addition to the eddy-probe data, target impact locations were also recorded on a target
cloth located 985 m from the gun. Upon analysis, there was no statistically significant difference
between any of the shot groupings. It is quite possible that improvements in the gun system
would not reveal themselves as an obvious reduction in dispersion, especially for a well-behaved

ammunition such as the DM13, over such a limited number of firings.

3.2. Phase II. This was the final firing test conducted during this program. Due to its
piggyback status, only minimal instrumentation was possible. Five shots were made with full
gun modifications, immediately followed by five similar shots with no modifications. Again,
DM13 ammunition was fired at ambient temperature. After firing the first shot, the kick blocks
were determined to be slightly undershimmed. They were adjusted, and shot nos. 2—-6 were fired
as a single occasion. To speed the data acquisition process, the continuous muzzle reference
system (CMRS) was used, instead of the eddy-probes, to observe the muzzle pointing angle. The
particular CMRS unit used during the first two shots was found to be faulty and was replaced
with a spare unit. This negated the muzzle data for those shots. However, the breech motion

data appeared reasonable throughout this test series.

For direct comparison, the second configuration employed no gun modifications. All five
rounds were fired within a 2-hr period, which was considered a single occasion. It was
concluded that this particular gun and ammunition combination shot with such low dispersion,
the difference in gun motion did not produce a detectable difference on the target. A final test
series was conducted with minimal instrumentation. Eleven shots were fired, and all of the shots
were made on the same day. In every case, the gun shot better than average, and 7 of the 11

bullet holes were keyholed in the target cloth.

4. Conclusions

A previous test series had shown that balancing the M256 breech alone did not reduce the

magnitude of gun motion to that observed in simple 2-D dynamic simulations. Specifically, the
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direction of vertical breech motion did not agree between the simulation and experiment. It was
conjectured that asymmetric support conditions, acting in conjunction with tube expansion, were
also contributing factors. A more complex 3-D model was then developed and applied to the
same problem. This detailed model included realistic clearances between the various recoiling
components in addition to time-dependent tube expansion. The results of this model mimicked
the experimental breech motion in the vertical plane, while still indicating a significant reduction
in the overall motion of the gun tube. It was conjectured that if the recoiling parts could be
forced or guided to produce little out-of-plane motion, the gun tube would respond identically to
the simulations. A detailed examination of the gun components revealed that the breech block
slid free of the kick blocks after only approximately 5/8 in of recoil while the projectile is still in-
bore, thereby indicating that the breech is then not constrained in as robust a fashion. A set of
modified kick blocks were then designed and manufactured, along with an improved balanced
breech, and test fired. Although test data were not consistent across all conditions, the results
indicate a significant reduction in the muzzle pointing angle and absolute muzzle motion. Such a
reduction in gun tube motion could increase the performance of projectiles that are more

sensitive to transverse motions.
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